Deceleration of an atomic beam of Calcium was achieved by using the radiation of a frequency doubled diode laser at 845.2 nm. In order to enhance the violet beam generation the doubling crystal, KNbO3, is placed inside an external build-up cavity. The laser beam at 423 nm, counter-propagating with the atomic beam, is put into resonance with the 1S0 -÷1P1 transition of Ca. To keep the laser in resonance with the atomic transition during the cooling process, the Zeeman technique is used.
1.INTRODUCTION
The radiation pressure induced in free atoms by resonant laser radiation has been widely used in the last years to control the motion of atomic samples. Laser cooling and trapping was demonstrated for many atoms and ions [1, 2] . In particular deceleration [3] and trapping of the Ca atoms are important for spectroscopy and for time and frequency metrology. Figure 1 shows a simplified diagram of the states of Ca which are important for frequency standards and laser cooling. The triplet 3P is a metastable state and the transitions 3P1 -*3P0 and 3P2 -> 3P1 are good candidates for frequency standards in the far infrared (1.6 and 3.2 THz respectively) [4] . The 3P1 *1S0 visible transition at 657.2 nm has a small linewidth (400 Hz), hence, very suitable for an optical frequency standard. Its frequency was measured recently by [5] with an uncertainty smaller than lO12. It is now the best known frequency in the visible and it has been recommended by the BIPM for the realization of the meter. Laser cooling and trapping will play an important role in achieving the ultimate accuracy and stability in these and other frequency standards.
LASER COOLING
The deceleration of atomic beams can be achieved by irradiating the atoms with a counter-propagating laser beam in resonance with a strong atomic transition [6] . When an atom absorbs or emits a photon its momentum changes by a quantity equal to the photon momentum hv/c. Taking into account the saturation effect, an atom experiences an effective force given by the ratio of the photon momentum to the mean time interval between two spontaneous emissions:
where 'y is the HWHM homogeneous linewidth, X =c/v is the resonance wavelength, M is the detuning, and S=I/I is the In a thermal beam, due to the Doppler effect, only a small fraction of the atoms are in resonance with the laser radiation at a given frequency. When the velocity of these atoms is reduced they go out of resonance and the cooling process is stopped. This difficulty is overcome by tuning the transition frequency of the atoms by using the Zeeman effect produced by a magnetic field [7] . For constant laser intensity I and for a linear Zeeman effect, as in Ca, the magnetic field intensity that keeps the atoms in resonance along the beam is given by B(z)=B(O\f1_7 
3.FREQUENCY-DOUBLED DIODE LASER
The pumping transition for cooling Ca atoms in the ground state is 'S0 -*3P1 at X = 422.6 nm. In order to get this wavelength we start with a diode laser emitting around 850 nm and double it with a KNbO3 crystal. Figure 2 shows a KNbO3 crystal inside a 4 mirror ring cavity. The diode laser radiation enters the cavity through the flat mirror M3 and the blue radiation leaves the cavity through the mirror M2 . The cavity must have small losses for the JR so that the circulating power is enhanced. In our case we have an enhancement factor of 16. The laser wavelength is tuned by changing its temperature or current. With a SDL-5422-Hl diode laser we got the second harmonic 422.6 nm at T=23°C. In order to stabilize the laser frequency we lock the diode laser mode to a longitudinal mode of the cavity by using the polarization method [8] , which consists in analyzing the light polarization reflected from the input mirror of the cavity, in order to creating an error signal which is amplified and is sent to the PZT. With 150mW of input power we got 15mW of blue light.
4.EXPERIMENTAL SETUP AND RESULTS
In order to decelerate the Ca beam we have built the apparatus shown in Figure 3 . The atomic source is a cylindrical oven formed by a stainless steel baker surrounded by a copper wrapper, allowing good thermal contact [9] . The copper cover is surrounded by a resistor that heats the oven. A stainless-steel double-wall cylinder coaxial to the central structure reduces the thermal radiation losses. The atomic beam leaves the oven through a 2mm-diameter and 3mm-long aperture. In our atomic beam system there are 2 chambers separated by a collimator with a 2mm-diameter. Each chamber is evacuated by a turbomolecular pump with a flow rate of 240 1/s. The final pressure of the system is around 2x108 Ton and it increases to 2x1 O when the oven is at working temperature. For Ca at 973 K, <v> = 71 7m/s and the flux isabout The magnetic field was obtained by making a solenoid with copper tube refrigerated by water. With a current of 37 A we get a shape going from zero at 30 cm from the entrance of the coil, to a maximum of B = 825G at z = 14 cm and decreasing to B = 80 G at the end of the solenoid. The coil length is 40 cm. The atomic velocity distribution can be analyzed by monitoring the fluorescence along the atomic beam [10] as shown in Figure 3 or by using another laser to probe resonant line [3] . In Figure 4 we show the measurement of the 
